Peak coronary vasodilation occurs after peak flow with both endothelium-dependent and independent agents: A study using simultaneous intravascular ultrasound and doppler wire  by Tamburro, Paul et al.
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eel disease. This study examined the prognoslic value of exercise thallium 
imaging in 221 medically treated pte with normal resting ECG who also had 
coronary anglogmphy (of those, 88 pto had muftivessel CAD). During a mean 
follow-up of 52 ~ 26 months them were 24 card, lac eYe.is (death or non- 
fatal myocardial infarction). The pte with events had morn diabetes mallitos 
(25% vs 8%, P < 0.02) and larger paffusion abnormali~as (16 d: 13% vs 
9 • 11%, P < 0,005). Using multivariate Cox survival analysis, the size of 
paduslon abnormality and diabetes were independent proctors of events. 
(3f the pts with large defects (> 15% of the myoeardium) and diabetes, 50% 
had events while of pte with no or small defenls and no diabetes only 6% 
had events. Using K~blan-Meler sur.~ral curves, the evsm-frne suMvsl was 
slgnWcantly lower in pto with lerge defects and diabetes than In pts t~h small 
defects. Thus, pte with normal resting ECG have a fairly low annual event 
rate (2.5°/#year). These 10is can be further st~til"~i into a low flsk greup with 
an evsnt rote of 1%/year and a high dsk group with an event rafa of 12%/year 
using exercise SPECT thallium imaging. 
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8:30 
~/9-----1-~ Trsnslent Impairment Endothellum-Depandent o f  
BrochlM Artery Vasoactlvlty Fol lowing a Fatty Meal 
Gary D. Plothick, Mary C. Correffi, Robert A. Vogel. Univers~ of Mar~ 
School of Medi~'ne, BalUmore, MD 
Row*mediated (endothelium-depondent) brachial and ceronary vasoa~ 
are impaired by corona~ dsk factors, including hypercholesterolemia. To
determine whether a single fatty meal impairs vasoastivity independent of 
long-term effects on serum cholesterol, we evaluated flow*medlaled l~rachlal 
artery vasuactivity in 5 nonnochofasmmlemlc male volunteers before and 
hourly following 900 calode high- and low*fat breakfasts (high-fat: Egg Mc- 
Muffin ®, Sausage McMuflin ®, Hash Browns vs. low-fat: dry cereal, skim 
milk, orange juico). Row-mediated brachlal ane W vasoacttvity was measured 
using 7.5 MHz ullrasound and expressed m; % diameter change from base- 
line to hyperemlc conddions (1 minute following 5 minutes of blood pres~;ure 
cuff artedal occlusion). Row-mediated vasoactivity decreased from 20.4:1: 
4.2% at baseline 1o 9.3 :b 7.5% 3 hours and 8.2 -I- 2.5% 4 houm post fatty 
meal (both p < 0.05). Vasoactk4ty retumed to preprandlal levels within about 
6 hours. The drop in vasoactlvity corresponded to an transient increase in 
serum triglycerides of 82% and occurred in individual5 with serum cholas- 
tero! as low as 150 mg/dl (mean 163 :E 13 mg/dl). Inge~ion of the low-fat 
breakfast did not result In a significant decrease in vasoac~4ty. These data 
suggesl high-fat meals ~'anslently impair endolhalial fu~'~on independent of 
long-term effects on serum cholesterol. 
8:45 
~ Acuto Administration of  Estrogen Improves 
Coronary Vasomotor Response to Aestylcholine in 
Men 
Roger S. Blumenthal, Sasn 1'. Gloth, Steven E. Rels, Nan W. Heldman, Jon 
R. Resar, Vicki J, Coombs, Gary Gemtonblith, Jeffrey A. Bdnker. Johns 
Hopkins Medical Institutions, Baltimore, MD 
The acute administration of Intmvanous estrogen enhances comnmy blood 
flow following Intrecomnary acelylchollne (ACH) infusion in peslmenupausal 
women. To determine whether asth)gen has vasuactive properties in men 
which may be similarly mediated via an endo~heifal-dapandent mechanism, 
we measured the comnery vasomotor esponse to ACH (10-7,10-6 M) in 12 
men in a mildly diseased epicardial artery (< 30% diameter stenasis) before 
and 15 minutes after in~vsnoas Pmmarin (0.625 rag). We also assessed the 
comnmy hemodynamic responses in 8 other men before and 15 minutes after 
administration of placebo, We employed quanUt~,.Uve coronary ~_.~gingrephy 
Pre-EST POSt-EST Pm-PL Post-PL 
F before ACH: 464-4 41 4-5 38:1:7 384-11 
FalterACH: 514-6 54-4-8 42~-8 39+ 10 
p 0.19 0.02 NS NS 
% change In F: 104-8 32=1=12" 17:1:-15 9:1:11 
R before ACH: 2A :t: 0.3 2.8:1:0.3 3.1:1:0.6 4.1 4- 0.8 
R after ACH: 2.54- 0.4 2.4:1:0.4 2.8 4- 0.5 3.9 4- 0.9 
p 0.59 0.17 NS NS 
% change in R: 6~-10 -164-9"* -54-15 -0.54-10 
('p = 0.o3~"p = 0.04 for % change pmvs post estrogen) 
and InUacerone~ doppler uifrasonography to measure coronary ~ (F, 
mVmin) and vascular esistance JR, mmHg(minlml)}. Mean values :1: S.E.M. 
before and after estrogen (EST) administration and before and after placebo 
(PL) were as shown in the tabte. 
Thus, intravenous conjugated estrogen favorably modulates endothelial- 
depondent coronary flow and resistance responses in mon. 
9:00 
~ Sympathetic SUmulaUon Attenuates Flow-Mediated 
Endothellum-Dependent Eplcardlal Coronary 
Vasedilalton in Transplant Patients 
Eduardo ~ ,  Paffick Dupouy, Chdsfopha BenvsnuU, Emmanuel Te~,  
Herbert Geschwind, Daniel Lolsanse, Jean-Lno Dubois-Rand~. Hen# 
Mondor Hospital, INSERM U 400, Crdteil, FRANCE 
To determine if dnoanration hypersensitivity con~ibutos to abnon~al core- 
nanJ vasomotion in hasrt lmnepla~ p~ients (HTX), we stod,~ 12 HTX 3 
-4- 1 mo after surgan/and 6 control pa',ents with ang~ty  normal 
corenery am~ias. Quantitative angiogemhy and corenanj blood flow velocity 
(Doppter wire) were msesored in the left antedor dascen~ng comna~ axto W 
at rest, a~r  rapid atrial pacing (atrPa), during celd Ixasser test (CPT), at 
peak b/cycle Sul~ne xerdse (Ex), after dslal intracerenary papaverine (Pa- 
paY) and after intracomnery linsidomtne (Sire1). A stable baseline preceded 
each intentas~n. Blood catesholamine (No.................rad~er, lin (NA)) was assessed 
at all basellr~ and during atrPa, CPT and Ex. NI slJmuli but Sin-1 increased 
coronary blood flow velocity eignif'¢antly in both groups. NA Inomaasd signif- 
in both greupa dudng CPT and Ex, and did not change during atrPa. 
Results regarding vasomotion responses am shown ('p < 0.05, -p  < 0.01, 
""p  < 0.001 vs base. NS. not significant vs base. ~p < 0.001 vS controls): 
"% 
I: i 
10. i 
-SO, NS, i 
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.3o 
Responses to atrPa and distal Paper show that tiow-medlated, endothell- 
urn-dependent vasodfabon is presanmd in HTX early after su,gery. However, 
sym~elJc slJmulatton (CPT, Ex) attenuates normal corenmy vssedifation in 
HTX, sngge~ng that vascular hypemensifivity ocatenholaminas i present 
in denervaled hearts. 
9:15 
~ P e s k  Coronary Vesodllation Occurs Alter Peak Flow 
With Both Endothellum-Oepandent and Independent 
Agents: A Study Using Simultaneous Intmnascular 
Ultrasound and Doppler Wire 
Paul Tamburm, Ma~ R. Johnson, Lloyd W. Klein, Tony L Humey, 
Diana Spekas, Maria Rosa Costanzo, Joseph E. Perdllo, Stovan 
M. Hollechewg. Rush Medical College, Chicago, IL 
Previous studies utilizing either inlmvascu~, ulkasound (IVUS) imaging or 
Doppler probes to evaluate endothetial function fall fo dslinguish between 
fiow-medialed and receptor-mediated vssud,alion. Simultaneous IVUS and 
Doppler wlre measurements allow for assessment of flow*madlatod eplcar- 
dial vasoditation clue to resialance vessel dilation. Methods: Diameter and 
valoclty raspenses were sludted in 18 pa l~ 1 to 83 months (mean, 15 ~ 
6 months) status post heart ransplant, all with normal cerrmery angtogrems, 
using a 3.5 F 30 mHz IVUS cathater posltlaned over a 0.G14" Doppler wire 
in the LAO. Sequential int~comnmy infusions of adenosine (Aden, 16 and 
32 pg bolus), acetylcholine (Ach, 54/~g over 2 rain) and nib'oglyCerin (NTG, 
200/zg bolus) were given, with continuous IVUS imaging and Doppter veloc- 
ity measummante. Maximal vessel cmas-soc~nal area and coronary flow 
velocities were measured and are ~ as % of baseline. Flow was 
calculated as ~ product o1 vessel area and velocity. Results: Peak flow 
with the endothelium-indepaudent resistance vessel dilator Aden OCcuRed 
at 18:1= 2 se¢; area Inomased later (44:1:5 sen, p < 0.001). Peak flow 
in response to ACh, an endothelium-dependent sn~l and large vessel va- 
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sodifator, preceded maximal area by 39 ses (115 :E 13 vs 76 4- 15 seo, 
p < 0.001). Peak flow with NTG, an endothelium-tndepandant vasedilator, 
ocoune~ at 14 :E 2 ce~.:, 35 sag before peak dilstlon (49 4- 6 seo, p < 0.001 ). 
Conc/us/ons: Peak flow preceded maximal umen area, not only with Aden, 
but also with Ach ant; WIG. This indicates that vesodiletory responses to 
all three agents resut; in part from endothalium-~adent, flow-mediated 
dilation. Simultaneous measurement of area and velocity allows for distinc- 
tion between receptor-mediated and flow-mediated responses and may offer 
important and unique insights into coronary endothelial function. 
9:30 
F~9"~' l  Exercise Training Enhances Endothelial Function in 
Young Men 
Peter Ctsrkson, Hugh Montgomery 1 Ann Donald, Amanda Powe, 
Teresa Bull, Claire Doilery 1, Michael Jubb z Michael Wodd 2, 
John Deanflald. Great Ormond Street Hospital NHS Trust, London, UK; 
1 The Hatter Institute of Cardiovascular Studies, London, UK; University 
College Hospital, London, UK; 2 Royal Army Medical College, Long'on, UK 
Exercise has been shown to reduce cardiovascular morbidity and mortality 
but the mechanisms for this benefit are unclear. Endothelial dysfunction is an 
early event in alherogonesis and animal studies have shown that exercise 
training can enhance endothelial function. We have examined the effect of 
a standardlsed, 10 week, aerobic and anaerobic exerdse training program 
on artedal physiology in 25 mate military recruits aged 17 to 24 (mean 20) 
years, with and without cardiovascular dsk factors (10 moderate smokers, 
mean 5 pack years, and 15 lifelong non-smokars). Each subject was studied 
before starting, and after completing the exercise program. At each visit, the 
diameter of the dght brachlal arte~/was measured at rest, dudng t'oactive hy- 
poremia (increased flow causing endetheltum-dependect dilation, EDD) and 
after suhtingusl glyceryitdnitrate (GTN, an endothelium-iudepandant dilator), 
using high resolution external vascular ultrasound. Cholesterol and flbdno- 
gan levels were also measured. After the exercise program, endothelium- 
dependant dilation improved from 2.3 ± 2.4% to 3.9 4- 2.5% (p < 0.01), 
with no change in the GTN dilation (13A + 6.3% verses 13.9 -4- 5.8% p~-t 
exercise), At baseline, EDD was lower in the emoksrs (1.9 4- 3.1% versus 
2.5 4-1.8% in non-smokers, p - NS) but there was no difference in impreve- 
ment in EDD between the two groups. Changes in EDD were not related to 
LDL-cholastercl, HDL-chclestsrot, Lp(a) or fibdnngen levels. Thus exercise 
training enhances endothelial function in young men of average fitness even 
in the presence of cardiovascular dsk factors. This may contribute to the 
benefit of regular exemise in preventing cardiovascular disease. 
9:45 
~ Local Delivery of  L-arginlne Increases Vascular 
Nitric Oxide Production and Improves Endothellum 
Dependent Vasomotion 
Sevedn P. Schwarzachar, Tat T. Urn, Bing Y. Wang, Robert S. Kemoif, John 
P. Cooke, Alan C. Yeung. Stanford Univereit~, Stanford, CA 
Systemic administration of L-arginlne has been shown to restore endothelial 
function. However, the feasibility of local delivery without significant endothe- 
lial injury Is 'lot known. The goal of this study was to determine if local 
delivery of I.-arginine can acutely influence endotheilum-depondent vasedl- 
latian and increase local nitrogen oxide (NOx) production. 13 New Zealand 
white rabbits were fed a 1% chalestsml diet. After 1 week beth Sac artades 
were balloon denuded. Four weeks after injury a local spiral drug delivery 
balloon (Olspatch, SCIMED) was advanced Into the lilac artedes. L-argin[ne 
(800 rag/5 ml) was Infused over 15 minutes into the vessel wall at one side, 
the opposite side receiving a saline Infusion for 15 minutes. To determine 
endetheilum-depondant vasudilation, acetylchoilne (Ach) was infused into 
the abdominal aorta (10 -s, 10 -s M) before and after the local drug delivery, 
followed by immediate angiograms. The rabbits were then secdflced and the 
fllac artedes harvested for the measurement of local NOx production. The 
changes in diameter were as follows: 
L-arginlne Saline P-vatue 
Achl0-Sp TM (+) 34-~'/= (-) 54.5% NS 
Achl0"Spre (+) 54.5% (-) 14.5% NS 
AChlO-6 post  (+)34:1:4% (-)11 4.7% 0.0006 
Ach10-s post  (+)354-4% (-114:1: 5% 0.0001 
NOx production was significantly higher in the L-arglnine versus the control 
side (152 4- 3 vs. 77 -i- 1 nM/mg, p < 0.03). 
Conclusions: Local delivery of L-argintne into the vessel wall results in 
improvement of local endotheltum-dapondant vasomotor function and an in- 
crease In local NOx production. Site specific enhancement of nitdc oxide may 
become a viable strategy in the inhibition and regression of atherogonesis. 
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Differential Regulation of/31 and/~h Andronergio 
Receptors and mRNA by Non-Selective/3 Agonlst 
,~.xposure m ProperaUons of  faolat ion Human Heart 
Robert L. Reden, Wayne A. Micobe, Darrin L. Dutcher, Kelll O. Tremmal, J. 
David Port, Michael R. Bdstow. UCHSC, Div: of Cardiolooy, Denver, CO 
To test the hypothesis that .8-adrenargio stimulation selectively alters human 
ventdcular myocardial p reoeptar subtype gene expression we developed 
an isolated human heart preparetlon which retains full viability and contrac- 
tile response over a 24-48 hour pedud. Isolated right ventdcuior lrabeculae 
were removed from explanted human hearts naTve to p agonist exposure 
and incubated with one p.M Isoproterenol (ISO) or vehicle control, ~ and 
edranergio receptor mRNA abundance and protein were respectively mea- 
sured by reveme transodptian-quaetitative PCR (RT-QPCR) and radicligond 
binding. Contractile responses (cN'rXN) to ISO and forskolin (FRSK) were 
also measured. Results are expressed as fraction of control preparations 
incubated with vehicle alone ± SEM (n = 2-9 in each group) 
"lime Receptor density or mRNA abundance, %of control I SEM 
,81AR B2AR plmRNA ~82rnRNA ISO FRSK 
CNTXN CNTXN 
4hr 9B4.20 180:t-68 694.29 232=63 964-31 87±13 
12hr 78,4-11 124±14 834.2 116±11 76±18" 88:1:19 
20hr 58-1-7" 158:1= 30 134-1-34 119-~-21 59=1:11" 904-20 
*p < 0.05 vs. vehicle contm! 
Conclusions: 1 ) Effects on guns expression can be Investigated in isolated 
preparations of human heart 2) Over a 20-hour pedod ISO produces a time- 
related down-regulation in/31-edranarglo receptors preceded by a decrease 
in mRNA, without down-regulating/h receptors or mRNA. 
8:45 
[~ '2 - ]  Feasibility, Timing and Location o f  
Adenovirus-Medlated Gene Transfer Into Myocardial 
Infarction 
Jonathan Leor, Manuel J. Quinones, Michael Pattareon, Larry Kedes, 
Robert A. Kloner. Good Samaritan Hospital, Los Angeles, CA 
To evaluate the feasibility, timing and localization of edeoovims-mediated 
gone transfer into myocardial infarction (MI) we subjected rets to 60 rain 
coronary artery occlusion and sustained reperfusion. Gene transfer was 
done using repllcation-defeotive edenovirus carrying the reporter gane p- 
galectosidese (#-gat). A total of 5.0 x 109 p.f.u, of virus was Injected Into the 
left vectricutar myocardlum of non-~nfamted control (N) animals (n = 4) and 
infarcted myocardium immediately (time 0, n = 7), 7 d (n = 6), 22 d (n = 5) 
or 30 d (n = 5) after reperfusion. Seven days after injection, sit hearts were 
sectioned and stained for P-gal activity. Area of p-gal activity was quantitated 
by digital planimetry and expressed as % (d:SEM) of the LV section. Results: 
Area of gene expression was significantly smaller In MI hearts than non- 
infarcted hearts ('p = 0.02). Hearts injected at 7 d had the lowest expression 
(*'p == 0.03). Gene expression was mainly limited to viable myocytes at the 
border of the MI. 
40-1 , 
I:!L... 
N 0 7 22 30 
Days After MI 
Conclusions: Gene transfer for MI, while feasible, was mainly limited to 
expression in pedpherel viable myocytes. Still, the ability to introduce genes 
into the border of MI may be a useful therapeutic strategy for enhancing 
anglngeoesis, collateral flow and healing. 
